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TN THF. SPECIFICATION 
The paragraph beginning at page 1, line 7 is amended as follows: 

This application is related to the following co-pending, commonly assigned U.S. patent 
applications: "DRAM Cells with Repressed Memory Metal Oxide Tunnel Insulators," attefaey 
docket no. 1303.019US1, serial number 09/945,395, "Flash Memory with Low Tunnel Barrier 
Interpoly Insulators," attorney docket no. 1303.011US1, serial number 09/945,507, "Dynamic 
Electrically Alterable Programmable Memory with Insulating Metal Oxide Interpoly Insulators," 
attorney docket no. 1303.021US1, serial number 09/945,498, and "Field Programmable Logic 
Arrays with Metal Oxide and/or Low Tunnel Barrier Interpoly Insulators," attorney docket no. 
1303.027US1, serial number 09/945,512, "SRAM Cells with Repressed Floating Gate Memory, 
Metal Oxide Tunnel Interpoly Insulators," attorney docket no. 1303.028US1, serial number 
09/945,554, "Programmable Memory Address and Decode Devices with Low Tunnel Barrier 
Interpoly Insulators," attorney docket no. 1303.029US1, serial number 09/945,500, of which 
disclosures are herein incorporated by reference. 

The paragraph beginning at page 2, line 6 is amended as follows: 

The original EEPROM or EARPROM and flash memory devices described by Toshiba in 
1984 used the interpoly dielectric insulator for erase. (See gonorally, F. Maouoka ot al., "A new 
flash EEPROM coll using triple pol)-oilicon tochnology," IEEE Int. Eloctrou Doviooo Mooting. 
SanFranoioco, pp. 161 67, 1981; F. Maouoka et al., "256K flash EEPROM uoing triple 
polyoiUcon tochnology," IEEE Solid Stato Circuits Conf., Pliiladolphia, pp. 168 169, 1985). 
Various combinations of silicon oxide and silicon nitride were tried. (See gonomlly, S. Mori e t 
al., "roliablo CVD inter poly dialootica for advanced E&EEPROM," S>TOp. On VLSI 
TGohnology, Kobe, Japan, pp. 16 17, 1985). However, the rough top surface of the polysilicon 
floating gate resulted in, poor quality interpoly oxides, sharp points, localized high electric fields, 
premature breakdown and reliabiUty problems. 

The paragraph beginning at page 2, line 17 is amended as follows: 

Widespread use of flash memories did not occur until the introduction of the ETOX cell 
by INTEL in 1988. (Soo gonorally, US PATE^TT 1,780, 121, "Prooeo^ for fabricating oloctri rnll y 
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al lc mblo floating gato momory do^H uu. ." 25 Oct. im, D. Diport and L. Il cbo it, "Flaah m omn ry 
fe o ca mainDtroam." IEEE Spoctrum, p p . 1 8 51, October. 1QQ3; R. D. Pachley and S. K. Lai. 
"Flaah momorioo. the boot of t^vo worldo." IEEE Spootrum. pp. 30 33. Dooombor 198P) This 
extremely simple cell and device structure resulted in high densities, high yield in production and 
low cost. This enabled the widespread use and appHcation of flash memories anywhere a non- 
volatile memory function is required. However, in order to enable a reasonable write speed the 
ETOX cell uses channel hot electron injection, the erase operation which can be slower is 
achieved by Fowler-Nordhiem tunneling fi-om the floating gate to the source. The large barriers 
to electron tunneling or hot electron injection presented by the silicon oxide-siUcon interface, 3.2 
eV, result in slow write and erase speeds even at very high electric fields. The combination of 
very high electric fields and damage by hot electron collisions in the oxide result m a number of 
operational problems like soft erase error, reliability problems of premature oxide breakdown 
and a limited number of cycles of write and erase. 



At page 4 line 28, please add the following: 

REFERENCES 

F. Masuoka et al- "A New Flash EFPROM Ce l l Using Triple Polysilicon Technology," IEEE 
Tnt. Electron Devices Meeting- San Franc isco, pp. 464-67. 1984; 

F. Masuoka et al.. "256K Flash FRPROM Usi ng Triple Polysilicon Technology," IEEE Solid- 
State Circuits Conf.. Philadelp hia, pp. 168-169, 1985; 

S. Mori et al.. "Reliable CVD Tnter-Polv Dialectics For Advanced E&EEPR OM," Symp. On 
VT.ST Technologv. Kobe. Japa n, pp. 16-17. 1985; 

US Patent 4.780- 424. "Process for Fabricating Electricallv Alterable Floating Gate Memory 

Devices;" 

B. Dipert and T ,. Hebert. "Flash Memory G oes Mainstream." IEEE Spectrum, pp. 48-51, 
October. 1993; 

R. D. Pashlev and S. K. Lai. "Finish Memories. T he Best Of Two Worlds," IEEE Spectrum, pp. 
December 1989; 

US Patent 5.801 .401. "Flash Memorv With M icrocrvstalline Silicon Carbide As The Floating 
Gate Structure;" 
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US Patent 5.852.306. "Flash Memory With Nanocrvst alline Silicon Film As The Floating Gate;" 
US Application Serial No. 08/908098. "Dynamic Rando m Access Memory Operation of a Flash 

Memory Deyice With Charge Storage On a Low Electro n Affinity GaN or GaAIN 

Floating Gate:" 

US Application Serial No. 08/903452. "Variable Electron Affinity D iamond-Like Compoimds 

for Gates in Silicon CMOS Memories and Imagin g Deyices;" 
US Patent.5.981.350. "Dram Cells With A Structure Surface Using A Self Structured Mask ;" 

US Patent 6.025. 627. "Atomic Layer Epitaxy Gate Insula tors and Textured Surfaces for 

Low Voltage Flash Memories:" 
US Apolication Serial No. 08/903453. "Gate Insulator For Silicon I ntegrated Circuit Technology 

by the Carburization of Silicon:" 
US Application Serial No. 09/945514. "Graded Composition G ate Insulators to Reduce 

Tunneling Barriers In Flash Memory Devices;" 
US Patent 5.691.230. "Technique for Producing Small Islands of Silicon on Insulator:" 
US Application Serial No. 09/780169. "Flash Memory with Ultra thin Vertical Body 
Transistors:" 

S. R. Pollack and C. E. Morris. "Tunneling Through Gaseous O xidized Fihns of Al70i." Trans, 

ATME. Vol. 233. p. 497. 1965: 
T. P. Ma et al.. "Tunneling Leakage Current In Ultrathin f< 4 n m^ Nitride/Oxide Stack 

Dielectrics." IEEE Electron Device Letters, vol. 19. no. 10. pp. 388-390, 1998; 
O. Kubaschewski and B. E. Hopkins. "Oxidation of Metals and All oys". Butterworth. London, 

pp. 53-64. 1962; 

K.-H. Gundlach and J. Holzl. "Logarithmic Conductivity of Al-Ab O^-AI Tunneling Junctions 

Produced bv Plasma- and by Thermal-Oxidation." Surface Scienc e. Vol. 27. pp. 125-141, 

1971; 

S.P.S. Arva and H.P. Singh. "Conduction Properties of Thin Ah O^ Films." Thin Sohd Films. 

Vol. 91. No. 4. pp. 363-374. May 1982; 
S.M. Sze. "Physics of Semiconductor Devices." 2nd Edition. Wi lev-Interscience. N.Y., pp. 553- 

556. 1981: 
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■T. Robertson et al.. "Schottkv Barrier Heights of Tantalum O xide. Barium Strontium Titanate, 
T^ad Titanate and Strontium Bismuth Tantalate." Ann. Phvs. Lett.. Vol. 74, No. 8, pp. 
1168-1170. Feb. 1999: 

■T. Robertson. "Band offsets of Wide-Band-Gao Oxides an d Imnlications for Future Electronic 
Dfivic.es." T. Vac. Sci. Technol. B. Vol. 18. No. 3. p p. 1 785-1791. 2000: 

H.-S. Kim et al-. "Leakage Current and Electrical Breakdow n in Metal-Organic Chemical Vapor 
De posited TiO, Dielectrics on Silicon Substrates. " AddI. Phvs. Lett., Vol. 69, No. 25, pp. 
3860-3862. 1996: 

■T. Yan et al.. "Structure and Electrical Characterization of TiO? Grown From Titanium Tetrakis- 
Tso proxide (TTIP) and TTIP/H7O Ambient." J. Vac. Sci. Tec hnol. B. Vol. 14. No. 3, pp. 
1706-1711. 1966: 

R.A. Swalin. "Thermodynamics of Solids. 2nd Ed." chan. 8. pp. 165-180, John Wiley and Sons, 
1972: 

■T.M. Eldridge and J. Matisoo. "Meas. of Tunnel Current D ensity in a Metal-Oxide-Metal System 

sta a Function of Oxide Thickness." Proc. 12th I ntern. Conf. on Low Temperature 

Physics, p p. 427-428. 1971: 
■T.H. Greiner. "Oxidation of Lead Films by RF Sputter Etching in an Oxygen Plasma," J. Appl. 

Phvs.. Vol. 45. No. 1- no. 32-37. 1974: 
G. Simmons and A. El-Badrv. "Generalized Formula For The Elect ric Tunnel Effect Between 

Similar Electrodes Separated By A Thin hisulating Film." .1. AppI. Phys.. Vol. 34, p. 

1793. 1963: S. R. Pollack and C. E. Morris. "Tunneling T hrough Gaseous Oxidized 

Films of ALO.." Trans. AIME. Vol. 233. p. 497. 1965: 
Z. Hurych. "Influence of Nonuniform Thickness of D ielectric Layers on Capacitance and Tunnel 

Currents." Solid-State Electronics. Vol . 9. p. 967. 1966: 
J. Grimblot and J. M. Eldridge. "I. Interaction of Al Films with O7 at Low Pressures," J. Electro. 

Chem. Soc. Vol. 129. No. 10. pp. 2366-2368. 1982: 
Grimblot and J. M. Eldridge. "II. Oxidation of Al Films." J. Electro. Chem. Soc, Vol. 129, No. 

10. pp. 2369-2372. 1982: 
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H. Ttokawa et al- "Determination Of Bandea n and Energy Band Alignment for HiRh-Dielectric- 

rnnstant Gate Insulators Using Higfa-Res olution X-Rav Phntoe1er,tron Spectroscopy," 
Fxt. Abstracts Int. Conf. On Solid State Device s and Materials, pp. 158-159, 1999; 
H F. Luan. et al. "High Quality Ta. O. Gate, nielectrics with T»v .n<l 0 A " International Electron 
Devices Meeting Technical D ipest. p. 141-144. 1999; 

I. Robertson and C.W. Chen. "Schottkv Barr i er Heights of Tantalum Oxide, Barium Strontium 

Titanate. T^ad Titanate- and Strontium Bismuth Tantalate," Appl. Phys. Lett., vol. 74, no. 

R, pp. 1168-1170. 22 Feb. 1999: 
Xin Guo. et al- "High Quality TTItra-Thin (\ .5 rm) TiO?/Si^N4 Gate D ielectric for Deep 

Snhmicron CMOS Technology". Int e rnational Electron Devices Meeting Technical 

Dipest. p. 137-140. 1999: 
Hveon-Seae Kim, et al.. "Leakage Current an d Electrical Breakdown in Metal-Organic Chemical 

Va por Deposited TiO^ Dielectrics on SiUcon S u h.strates." vol. 69. no. 25, pp. 3860-62, 16 

December. 1996: 

T. Van, et al.. "Structure and Electrical Char ^^t^^riyatinn of TiQ, Grown fi-om Titanium Tetrakis- 
Tso proxide (TTIP^ and TTTP/H,0 Ambient." J. Vac. Sci. Technol., vol. B 14, no. 3, 1706- 
11. 1996: 

Wen-Jie Qi. et al.. "MOSC AP and MQSFET Character istics Using ZrO^ Gate Dielectric 

De posited Directly on Si." Technical Digest of 1999 TEDM, P. 14 5-148; 
Y. Ma. et al- "Zirconium Oxide Band Gate Dielectrics with Equivalent Oxide and Thickness of 

T£ss Than 1.0 nm and Performance of Sub-micro n MQSFET using a Nitride Gate 

Re placement Process." Digest of 19 99 TEDM. p. 149-152. 
Afanas' ev et al.. "Electron Energy Brriers Between (100) Si and Ultrathin Stacks of SiO?, Al?^^ 

and ZrOo Insulators." AppI. Phvs. Lett., vol. 7 8- no. 20. pp. 3073-75, 2001), 
K. Kukli et al.. "Development of Dielectric Properti e s of Niobium Oxide, Tantalum Oxide, and 

Aluminum Oxide Based Nanolavered Material s ." .1. Electrochem. Soc, vol. 148, no. 2, 

pp. F35-F41.2001: 

Kwo. et al. "Properties of Hiph K Gate Dielectrics Gd^O. and Y2Q3 for Si," .1. Appl. Phys., vol. 
SQ, nn 7. pp. 3920-27. 2001: 
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A pniication Sepal No. 09/945.507. "Flash Mem nrv Devices With Metal Oxide Interpoly 
Insulators:" 

■T. M. Greiner. "Tosephson Tunneling Barriers B v RF Sputter Etching in an Oxygen Plasma," J. 

Ap pi Phvs.. Vol. 42. No. 12. pp. 515 1-5155. 1971: 
U.S. Pat. 4.412.902. "Method of Fabrication of .Tosephson T unnel Junctions:" 
H. F. Luan et al ■ "High quality T^^O. gate dielect rics with T.^.^ <10 Anpstroms," lEDM Tech. 

DipRstp p. 141-144. 1999). 
Patent Apolicatinn Serial No. 09/651 380. "Thi n Dielectric Films for DRAM Storage 

Capacitors;" 

Ap plication Serial No. 09/945507. "Flash M e mory Devices With Metal Oxide Interpoly 
Insulators:" 

U.S. Pat. 5.350.738. "Method of Manufacturing an Oxide Superconducting F ilm;" 
US Application Serial No. 09/9451 37. "Low C ost Processes for Producing High Quality 
Perovskite Dielectric Fihns." 

Page 7, lines 1-15 are amended as follows: 

Figure 9 io a tablo v'hirh pminanr rnlmrint data on tho barrier hoighto, onorgy gaps, 
dielectric conotantD and oloctron affmitioo of a wide variot^^ of motal oxidoo that could bo used as 
aa>Tnmotrio tunnel barriera according to tho tcachingo of tho proGcnt invention. 

Figur o 10 io n tn b l" ^^'^^'^^ iiinrtmtnn thnf thnr n ire many otablc. cryotallino motal oxides 
whoso compooitiono can var>' over at loaot omall oompooitional rangoo. 

Figur o 11 i: 3 g tnbl" ^-'^'^'^^ iiinrtr.ntnr. thnt work fiinction valuoo oon var>' conoidorably, 
doponding on tho motal and moasuroment method. 

Figure [[12]] 9 illustrates a hypothetical metal-oxide (M-0) phase diagram according to 
the teachings of the present invention. 

Figures [[13A-13C]] 1 OA- IOC illustrate the compositional profiles for the asymmetrical 
low tunnel barrier intergate insulators according to the teachings of the present invention. 

Figure [[14]] U illustrates a block diagram of an embodiment of an electronic system 
according to the teachings of the present invention. 
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The paragraph beginning at page 19, line 18 is amended as follows: 

As shown in Figure 7B, the electric field is determined by the total voltage difference 
across the structure, the ratio of the capacitances (see Figure 7A), and the thicknessj[tig) of the 
asymmetrical interpoly dielectric 707. 

e, tox 



The voltage across the asymmetrical interpoly dielectric 707 will be, AV2 = V C1/(C1 + C2), 
where V is the total applied voltage. The capacitances, C, of the structures depends on the 
dielectric constant, €r, the permittivity of firee space, €o, and the thickness of the insulating layers, 
t, and area. A, such that C = €r €„ Alt, FaradsW, where 6r is the low firequency dielectric 
constant. The electric field across the asymmetrical interpoly dielectric insulator 707, having 
capacitance, C2, will then be E2 = AV2/t2, where t2 is the thickness of this layer. 

The paragraph beginning at page 20, line 1 is amended as follows: 

The tunneling current in erasing charge fi-om the floating gate 705 by tunneling to the 
control gate 713 will then be as shown in Figure 7B given by an equation of the form: 

J = Bexp(-Eo/E) 



° 2, h 



3/2 



where E is the electric field across the interpoly dielectric insulator 707 and Eo depends on the 
barrier height. Practical values of current densities for aluminum oxide which has a current 
density of 1 A/cm^ at a field of about E = 1V/20A = SxlO""^ V/cm are evidenced in a description 
by Pollack. (Soo gonorally. S. R. Pollack and C. E. Morris, "Tunneling through gaooouo oxidized 
fihno of ,\1a O ^" Trans. AI^^B, r ^^^^) Practical current densities for silicon 

oxide transistor gate insulators which has a current density of 1 A/cm^ at a field of about E = 
2.3V/23A = 1x10*' V/cm are evidenced in a description by T. P. Ma et al. (Soo gonorally, T. P. 
Ma ot gl., "Tunneling lealcago ourront in ultrathin 1 nm) nitrido/oxido otaok diolootrioo," IEEE 
Electron Dovioo Lottoro, vol. 19, no. 10, pp. 388 390, 1998). 
The paragraph beginning at page 20, line 16 is amended as follows: 
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The lower electric field in the aluminum oxide interpoly insulator 707 for the same current 
density reflects the lower tunneling barrier (MJ21 of approximately 2 eV. shown in Figure 7B, 
as opposed to the 3.2 eV tunneUng barrier {$oI723 of silicon oxide 703. also illustrated in Figure 
7B. 

The paragraph beginning at page 21, line 23 is amended as follows: 

(iii) The oxide growth rate and limiting thickness will increase with oxidation 
temperature and oxygen pressure. The oxidation kinetics of a metal may, in some cases, depend 
on the crystallographic orientations of the very small grains of metal which comprise the metal 
film (.m ^ ui iorally, O, Kubao ch cwoki and B. E. Ilopldno. "Oxidati ui i of Mctalo and Al lo yi", 
Duttonvorth, London, pp. 53 61, 1P62) If such effects are significant, the metal deposition 
process can be modified in order to increase its preferred orientation and subsequent oxide 
thickness and tunneling uniformity. To this end, use can be made of the fact that metal fibns 
strongly prefer to grow during their depositions having their lowest free energy planes parallel to 
the film surface. This preference varies with the crystal structure of the metal. For example, fee 
metals prefer to form {1 1 1} surface plans. Metal orientation effects, if present, would be larger 
when only a limited fi-action of the metal will be oxidized and unimportant when all or most of 
the metal is oxidized. 

The paragraph beginning at page 22, line 15 is amended as follows: 

Tunnel barriers comprised of metal oxide films and having different heights at their two 
interfaces with the contact electrodes can be made by properly oxidizing the parent metal films. 
Not all oxides will exhibit asymmetrical barrier characteristics. Asymmetrical barriers can be 
formed on those oxides that are stable over small composition ranges so that gradients can be 
formed which produce different barrier heights at the top and bottom contacts. Thus SiOz and 
PbO films, made by conventional processes, are stable only at their stoichiometric compositions: 
hence, they can only serve as symmetrical barriers. However, there are many stable, crystalline 
metal oxides whose compositions can vary over at least small compositional ranges. The same is 
evidenced in the table shown in Figure 10 which is compiled from data in a text by 
Kubaschewski and Hopkins. (Goo gonorally the oomprohonaive review by O. Kubaachowold and 
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D.E. Ilopkino, "Oxidation of Motalo and Ailo)'s." Duttonvorth, London (1962)). As but one 
example of oxide stoichiometric effects, note that thermal oxidation of aluminum below -300 
degrees Celsius produces AI2O3 fihns that become less metal-rich as the oxide thickens from -10 
to 30 or 40 Angstroms. (Sco goncrally, J. Grimblot and J.M. Eldridgc, "II. Oxidation of Al 
rilniG," J. Eloctrodi c m. Soc, Vol. 129, No. 10, pp. 2369 2372, mi). This very small 
compositional variation (-10^^ Al atoms/cm') leads to significant differences in barrier heights 
and injected currents in AI/AI2O3/AI structures of 0.2 eV and lOX, respectively. (Sco generally, - 
K. II. Gundlach and J. Holzl, "Logarithmic conduotivitjr pf M AU Q ^ - Al tunneling junctions 
produood by plaoma ond by thermal oxidation," Surfaoo Soionoo, Vol. 27, pp. 125 1 11. 1971 ; 
S.r.S. .\r>ra and IIP. Singh, "Conduction proportioG of thin AU^ fihns," Thin Solid Fihno. Vol. 
91, No. 1, pp. 363 371, Mny 1 "g?) Other oxides including those containing alkaline earth and 
transition metal elements form variable oxide compositions and thus meet that criteria for acting 
as asymmetrical barriers. Most importantly and novel, it will be shown that the compositional 
gradients across these oxides can be uniquely controlled using certain thermodynamic 
characteristics of metal/oxide systems. 



The paragraph begummg at page 23, line 18 is amended as follows: 

A second approach for foming an asymmetric barrier is to employ a control contact plate 
that has a different work function than that under the metal oxide dielectric layer. According to 
this method very asymmetric barriers can be produced by judicious selection of contact metals 
since their work functions can vary from low values of -2.7 eV for rare earth metals to -5.8 eV 
for platinum. (Soo gonorally, S.M. Szo, "Phyaico of Semiconductor DovicGG," 2nd Edition, 
Wiloy Intorocionoo. I'T.Y., pp. 553 556, 1981). Note that the reported work function values can 
vary considerably, depending on the metal and measurement method. The same is evidenced in 
tho table shown in Figure 11 TABLE A which is compiled from data in the Handbook of 
Chemistry and Physics. 

TABLE A 







Metal 


Oxveen 
Solub.. at % 


Oxide 
Stability 
Ranee 


Semiconductor 
Type 


Structure 
Temp- 


Transform 
Temo-, X 


Ta 


08 


Ta047-.5.o 


n 


Orthorhom. 


t.p. 1350 
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li 


28 


TiO^.R2-5.0 


n 


Rutile 


m.p. 1920 


Zr 


29 


ZrU-^ .66-5.0 


n 


Vfonoclinic 


to. 1170 


Nb 


23 


Nb7O4.86-5.0 


n 


Monoclinic 


m.p. 1495 


Al 


V. small 


A17O2.000-3.0 


n 


Corundum 


m.o. 2050 


Pb 


V. small 


PbO 


(El 


Orthorhom. 


m.p. 885 


Si 


v.small 


SiOa 


norp 


Tetra. (Cvst.) 


m.D. 1713 



Such differences can be attributed to the effects of impurity segregation, surface oxidation, grain 
orientation and stress. Cesiated timgsten is a well-known example of the segregation effect: 
very low concentrations of cesium segregates to heated tungsten surfaces, effectively changing 
the work function from that of W to that of Cs. A novel method will be given below for 
preventing such unwanted surface segregation of impurities. 



The paragraph beginning at page 24, line 5 is amended as follows: 

Finally, both oxide composition gradients, described in connection with Figure 10 
TABLE A , and electrode work function effects described in connection with Figure 11 TABLE 
B can be utilized together to produce an even larger variety of asymmetrical tunnel junction 
barriers according to the teachings of the present invention. 

TABLE B 



Metal 


Orientation 


Work Function, eV 


Eu 


Polycryst. 


2.5 


Sm 


Polycryst. 


2.7 


Y 


Polycryst. 


3.1 


Al 


(Ill) 


4.26 


Cu 


(111) 


4.94 


Au 


(111) 


5.31 


Ti 


Polycryst. 


4.33 


Rh 


Polycryst. 


4.98 


Pt 


Polycryst. 


5.64 
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Zr 


Polycryst. 


4.05 


Ta 


Polycryst. 


4.25 


Nb 


Polycryst. 


4.36 


Si 


(100),n-type 


4.91 



The paragraph beginning at page 24, line 11 is amended as follows: 

In order to discuss the implementation of the above, it is necessary to provide more 
information. Thus, Figure 8 graphically illustrates the dependence of the barrier height for 
current injection on the work function and electron affinity of a given, homogeneous dielectric 
film. Figure 9 io a table w^hich TABLE C provides relevant data on the barrier heights, energy 
gaps, dielectric constants and electron affinities of a wide variety of nominal oxide compositions 
that could be used as asymmetric tunnel barriers according to the teachings of the present 
invention. 



TABLE C 





Eg 




Goo 


X 






$„(Other) 


Conventional 
Insulators 
















Si07 


~8eV 


4 


2.25 


0.9 eV 




3.2 eV 


4.0 (Si) 


Si3N4 


~5eV 


7.5 


3.8 


1.7 




2.4 eV 




Metal Oxides 
















Al,Oi 


7.6 eV 


9-11 


3.4 


2.1 




~2eV 




NiO 
















Transition Metal 
Oxides 
















laaOs 


4.6- 
4.8 




48 


13 


M 


0.8 eV 


1.0 fTa) 


TiO?. 




30-80 


2A 


19 


-1.2 
eV 




0.4 (Ti) 


ZrO, 


5-7.8 


18.5-25 


4.8 


2.5 




lA 


2.7 (Zr) 




3.1 


35-50 












Y,0, 


6 




4.4 


1.8 




2.3 


1.3 m 
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Perovskite Oxides 
















SrBi2Ta2Q3 


4.1 




5.3 


3.3 




0.8 eV 




SrTiO, 
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0.2 eV 





(Soo gonoralby, II-F. Luan ot al., "High quality Ta aQ ^ gato dioloctrico wth T^ -^^^ 
Mgotromo," lEDM Tech. Digoct, p p . 1 1 1 1 1 1, 1009, J. Robcrtoon ot al., "Schottky bn rri pr 
hoighto of tantalum omdo, barium otrontium titanatc, load titanato and otrontium biomuth 
tautalato," App. Ph>.. Lett., Vol. 71. N u . 8 , pp. 1168 1170, T ub . 1900, J. R o b n rl -nn . "P nnri 
offsoto of >>'ido band gap oxidoo and implicationp for futuro olootronic do^iooo." J. ^^ac. Sci. 

Tcchnol. B, Vol. 18, \ y? ' ^ '^^^ "^^"^ ' ""^^^ 

rm)^mi/^4 gato diolootiic for doop oubniioron CMOS toohnology," lEDM Tooh. Digoot, pp 
127 110, 199 9 ; II . S K im -^^ " t ^-^i^-^ g" rnrront and oloctrical br e alcdown in metal organic 
ohomioal vapor dopooitod TiO a dioloctrico on oilicon oubstratoG," Appl. Phyo. Lott., Vol. 69, No. 
25, pp. 3g60 3862 , T^"^: ^ V'^" nl "gfinr.tnro and olectrical charactorization of TiOj -gfewR 
n- om titanium toUoldo iooproxido (TTIP) and TTIP,^0 ambient," J. Va ^. Gc i. Tcclmol. B. W o \ 
11,No.3,pp. 1706 1711,1066). 

The paragraph beginning at page 25, line 5 is amended as follows: 

Other properties of some simple Transition Metal oxides (TM oxides) have been shown 
in TABLE A tho table provided in Figure 10 . Note that their compositions can vary from metal- 
rich to their stoichiometric values. The data given in TABLE A Figur e 10 cleariy show that 
many of the oxides cited have a range of stable compositions around their nominal values. This, 
along with related, estabUshed oxidation data and theory (see generally, tho comprehen ! :i>-e 
roviow by O. Kuboflohowold and D.E. Iloplcino, "Oxidation of Motalc and Alloyo." Duttor^vorth, 
London (1962)) and the thermodynamic properties of solid multi-component solid systems (seej 
for example, R.A. Swalin, "Thciinod>'namioo of Solido. 2nd Ed." uhap. 8, pp. 165 18 0 . J ohn 
WiloyandSono, 1972) lead to the rigorous understanding required to uniquely and controUably 
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form asymmetrical oxide tumiel barriers as used by the present invention. Further explanation is 
as follows: 

The paragraph beginning at page 26, line 9 is amended as follows: 

(v) Notwithstanding the above, a quasi-stable equilibrium exists between the growing oxide 
film and the underlying, partially-oxidized metal. This quasi-equilibrium can be represented 
schematically by a generic phase diagram for a TM(0)/TM oxide/02 system, as shown in Figure 
9 Figure 12. As shown in Figure 9 Figur e 12 , the development of the co-existing phases are 
shown at various stages of the metal film oxidation, e.g., Ci °, €2°, and €3°, respectively. For 
clarity, this diagram is not drawn to scale. In accord with the Phase Rule and underlying 
thermodynamics, Figure 9 Figure 12 shows: 

The paragraph beginning at page 28, line 3 is amended as follows: 

In addition to controlling compositional gradients across ultra-thin oxide insulating films, 
it is encouraging to note that oxide growth on most metals during low temperature oxidation can 
be very exactly controlled. This is a consequence of the fact that the thickness of an oxide grown 
on an initially clean surface is proportional to either log (oxidation time) or log * (time). It is 
experimentally difficult to differentiate the two time dependencies. Accordingly oxide growth is 
very rapid initially but drops to low or negligible values after forming a stable oxide thickness in 
the range of 20-50 Angstroms. Titanium, zirconium, vanadium, tantalum and aluminum, for 
example, all oxidize according to a logarithmic time dependence at temperatures below -300 
degrees Celsius. (Sco generally, the comprohonaivo rovicv,^ by O. Kubaochcx^'ald a n d P F 
Ilopldno. "Oxidation of Motalo and AUoyo," Dutton i,' Oitli, London (106 ?) ) Control of oxidation 
time is quite sufficient, other conditions being maintained, to achieve a thickness control well 
within an Angstrom of the target value. This point has been well-demonstrated in earlier studies 
involving various metals including lead. (Gee gonomlly, J.M. Eldridgo and J. Matiooo. "Moao. o f 
tunnel current dcnoity in a Metal Oxido Motal aystcm ao a fimotion of oxido thiolmoos," Proc. 
12th hitom. Coaf. on Low Tomp c iaturc Vhyuku, pp. 127 128, 1P71, J.II. G i clncr, "Ox idntinn of 
load filmo by rf oputtor otchinfc in an oxygon plaoma," J. Appl. Phyo., Vol. 15, No. 1, pp. 32 37, 
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The paragraph beginning at page 28, line 23 is amended as follows: 

Figures lOA-lOC 13A 13C illustrate the compositional profiles for the asymmetrical low 
tunnel barrier intergate insulators according to the teachings of the present invention. Figure 
lOA UA shows the compositional profile before oxidation. Figure lOB shows the 
compositional profile during oxidation with the coexisting phases indicated. Figure IOC -t3€ 
shows the compositional profile at the end of oxidation. 

The paragraph beginning at page 29 line 2 is amended as follows: 

As stated above, the conventional large barrier insulating dielectrics are siUcon oxide and 
siUcon nitride. (Soo gonorally, T.P. Ma ot al., "Tunnoling lookago t ui io nt in ultra thin (^i n m ) 
nitrido/oxido otack dioloctrico," IEEE Eloctron Dovioo Lottoro, vol. 19. no. 10, pp. 38 8 390. 
1998). The realities are that silicon oxide is not an optimum choice for memory type devices, 
because the 3.2eV tunnel barrier is too high resulting in premature failure of the insulators and 
limiting the number of operational cycles to be in the order of 10 to 10 . 

The paragraph begmnmg at page 29 line 9 is amended as follows: 

According to one embodiment of the present invention, an asymmetrical low tunneling 
barrier interpoly insulator is used instead, such as AI2O3 with a tunneling barrier of 
approximately 2.0 eV. A number of studies have dealt with electron tunneling in AyAhOs/Al 
structures where the oxide was grown by "low temperature oxidation" in either molecular or 
plasma oxygen. (Sco gonorally, S. M. Szo, Phyoica of Semiconductor Dovicoo. Wiley. NY, pp : 
5 53 556, 1921; G. Simmon" ""'^ ^ ^71 ttnHw "Con oral i^.cd formula for tho oloctric tunnel offoct 
botwoon similar oloctrodos ooparatod by a tlini inoulating fikn," J. Appl. Phyo., N^ol- 3 1, p. 170 1 , 
1963; £. P... rolb c lc and C ^ i^^""^". "Tnnnnlinr through ggooouo oxidized filmo of Ab O»^ 
Trano. AIME, Vol. 233, p. 197, 1965; Z. Huiyoh. "hifluoncG of nonuniform thiclmooo of 
dielectric laycrp on oapacitanoc and tunnel ouiTonto," Sohd State Elootronioa, \^ol. 9, p. 967. 
1966; S. P. S. Arya and II. P. Singh, "Conduction pioportioo of thin AU O ^ filma," Thin Solid 
Film:, Vol. 91, t-To. 1 pr ^''^ ^'^^ ^^"V ^^""^lach and J. Holzl, "Logarithmic 

oonduotivity of Al Ala O ? Al tunnoling junctiono produced by plaoma and by thermal 
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o xidation", ourfaoo G t i u uc o , Vol ?-^.rP- 125 HI, 1071) Before sketching out a processing 
sequence for these tunnel barriers, note: 

The paragraph beginning at page 30 line 1 is amended as follows: 

(ii) Tunnel currents are asymmetrical in this system with somewhat larger currents 
flowing when electrons are injected from AI/AI2O3 interface developed during oxide growth. 
This asymmetry is due to a minor change in composition of the growing oxide: there is a small 
concentration of excess metal in the AI2O3, the concentration of which diminishes as the oxide is 
grown thicker. The excess Al*' ions produce a space charge that lowers the tunnel barrier at the 
inner interface. The oxide composition at the outer AI2O3/AI contact is much more 
stoichiometric and thus has a higher tunnel barrier. In situ ellipsometer measurements on the 
thermal oxidation of Al films deposited and oxidized in situ support this model (soe gonorally, J. 
Grimblot and J. M. Eldridge, "1. hitoraction of Al films with Oa at low prooouroo", J. Eloctro. 
Chom. Soe, Vol. 129, No. 10. pp. 23 0 6 236^, 1PX2. J. Grimblot and J. M. mdridgo. "T l 
Oxidation of fihu: , ", ibid, 2369 2372, I P X ? ) . In spite of this minor compUcation, AyAl203/Al 
tunnel barriers can be formed that will produce predictable and highly controllable tunnel 
currents that can be ejected from either electrode. The magnitude of the currents are still 
primarily dominated by AI2O3 thickness which can be controlled via the oxidation parametrics. 

The paragraph beginning at page 30 line 18 is amended as follows: 

With this background, the following outlines one process path out of several that can be 
used to form AI2O3 tunnel barriers. Here the aluminum is thermally oxidized although one could 
use other techniques such as plasma oxidation (aco gonorally, S. R. Pollack and C. E. Morris. 
"Tunnoling thiough gaaoouo oxidized fihno of AU Q ^.^' Tiona. iMISlE. Vol 233, p. 197. 1965; K. 
II. Gundlach and J. IIolzl, "Lofeoritlimic conductivity of Al Ah O i M tunnoling junctions 
produced by plaama and by thomial oxidation", Surfaoo Soienoo, Vol. 27, pp. 125 111, 1971) 
or rf sputtering in an oxygen plasma ( . . c generally, J. H. G ic inor. "Oxid nt i o n of load filmn by r f 
sp utter otohing in an oxygen plasma", J. Appl- Phyc V o l 1^, H u . 1. pp. 3 ? 37. 1 0 71) . For the 
sake of brevity, some details noted above will not be repeated. 
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The paragraph beginning at page 31 line 4 is amended as follows: 

(ii) Oxidize the aluminum in situ in molecular oxygen using temperatures, pressure 
and time to obtain the desired AI2O3 thickness. The thickness increases with log (time) and can 
be controlled via time at a fixed oxygen pressure and temperature to within 0.10 Angstroms, 
when averaged over a large number of aluminum grains that are present under the counter- 
electrode. One can readily change the AI2O3 thickness fi-om -15 to 35A by using appropriate 
oxidation parametrics ( e .g., 000 Figure 3. J. Grmiblot and J. M. Eldild^c, "I. hit ernrtinn nf A l 
fiUiiD with O^ at low prooouroo". J. Electro. Chom. Sou, \^ol. 120, No. 10, p p . 2366 2368. 1 0X ?). 
The oxide will be amorphous and remain so until temperatures in excess of 400 degrees Celsius 
are reached. The initiation of recrystalUzation and grain growth can be suppressed, if desired, 
via the addition of small amounts of glass forming elements (e.g.. Si) without altering the growth 
kinetics or barrier heights significantly. 

The paragraph beginning at page 31, line 21 is amended as follows: 

As mentioned above, this oxide insulator is used as an asymmetrical low tunnel barriers, 
of the order of 2.0 eV, as the inter-poly or inter-gate dielectric insulators. The characteristics of 
such oxide insulators have been summarized in Figure 9. According to the teachings of the 
present invention, asymmetrical low barriers are utilized in programmable array logic or memory 
device which are easy to write and/or erase. To achieve the correct barrier height different 
contact metals as for instance aluminum (Al) and platinum (Pt) maybe used as illustrated in 
Figures 2 and 3. As stated previously, very asymmetrical barriers can be produced by the 
judicious selecting of contact metals since their work functions can vary from low values of -2.7 
eV for rare earth metals to -5.8 eV for platinum. That is according to the teachings of the 
present invention the floating gate includes a polysiUcon floating gate having a metal layer 
formed thereon in contact with the asymmetrical low tunnel barrier intergate insulator. 
Additionally, as described above, the control gate includes a polysilicon control gate with a metal 
layer, having a work function different from that of the metal layer formed on the floating gate, 
formed thereon in contact with the asymmetrical low tunnel barrier intergate insulator. In 
conjunction with the invention, the asymmetrical low tunnel barrier interpoly insulator is formed 
such that the tunnel barrier is approximately 2.0 eV. It is again noted, that according to the 
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teachings of the present invention, relatively low barrier heights, e.g. in the 0.4 to 2.7 eV range, 
can accrue on growing TM oxide films on TM layers. (See again the estimated values cited in 
the last column of Figured Table Q . While these barrier heights are only estimates, they are 
considerably lower than that encountered in Si/Si02 and AVSi02 barriers. 

The paragraph beginning at page 32, line 19 is amended as follows: 

The band gap energies and barrier heights of some conventional gate insulators as silicon 
oxide, silicon nitride and aluminum oxide as well as tantalum oxide have been investigated and 
described in detail (see generally, H. I lu kawa ct al., "Do lui mination of bnud^ap and onorg/bn nd 
gligmiiont for higli dioloctric coni ,t aiit gato inoulato i o uaing high roool ul i u n x ray phot onlort r nn 
spcctroocopy," Ext. Abatracts hit. Conf On SoHd State Do\iooo and Matorialo, pp. 158 159. 
1099). Formation of single and double-layer dielectric layers of oxides of TaaOs and similar 
transition metal oxides can be accomplished by thermal as well as plasma oxidation of films of 
these metals. (Goo gonorally. H.F. Luan. ot al., "High quality Ta ,0, feut c diclcctricG v , ith Te . 
eq UO A,"Lit c mati o n n lF 1nrtrn nPryi^^'-T^^^"tmpTnr,hninnl riipo ts L u . 111 111, 1999; J 
Robortoon and C.W. Chon, "Sohottlcy barrier hoighto of tantalum oxido, barium strontium 
titanato, load titaiiato, and otrontium biomuth tantalato," Appl. Phyo- Lett., vol. 71, no. 8, pp. 
1168 1170, 22 Fob. 1999). 

The paragraph beginning at page 33, line 4 is amended as follows: 

Rm^TiQ, . ZtOj. Nb70 s.^Q3,midY2Q3 bave been disclosed, ace gonorally, John 
Robortoon, "Band offcoto of wido band gap oxidoo and implicationo for future o loctronic 
doviooo," J. Vac. S ci. Tcchnol., vol. D 18. no. 3, 1785 91, May Jun, 2000, Xun Guo, ot n l , "R i c h 
quality ultm thin (1.5 nm) Ti03 /Si3N 4 fe al c d iolcctrio for doop cubmioron CMOS toohnologj''', 
hitomational El e ction Dovicoa Mooting Technical Difcoot. p. 137 110, 1999, Ilyoon Soag K im , et 
al., "Lcal:agc cuiTrat r--^ -i^^tr^^'^i ^rnnlrr^nwn in motal oraanio ohomioal vapor dopooitod TiOa 
dielectrics on sili c on jubatratoa," vol. 6 9, no. 25, pp. 38 G Q 62, 16 Do ou ml o i, 1996; J. Yn n , o t nl . 
"Struoturo and olcctrical charactorigation of TiOa grown from titanium totrakis iooproxid o (TTIP) 
a i idTTir.T I ^O n m lii mt;'T Vi-- ^^^t^"^' ^"^^ ni 1. no. 3. 170 6 11, 1996), ZrOa -(Weft4ie 
Qi. ot a l., " t i lO C C.^r and MOSFFT '" r ^ "^p di ul oa rio deposited d i r nrtl y 
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uiC i"T ccli ni cni riirnt"^i"""TBnM t> 1 19- y. Ma. ot al.. "Zirco i iim i i Omdo Dn n^ Gn fn 
DidJcUicG with Equivalent Omdo n nri Tlii dd i c flo of L n-^' i Tl iai i 1.0 iini and P^ r fontionoo of Sub 
ii ii uo n MQSFET u . in& a Nitride G um R o placcm CTt Pi u oooo," Digcot o f 1999 JEDM, p 1 10 1 

The paragraph beginning at page 34, line 1 is amended as follows: 

Zi^ii gLo, .^f jna:' o v ct n l , 'T ' -^ r , n.,iinmnrn h n ^.c c a flOOl Si and ultrathin otacks 

e^SiQ^^^raad^ a iu^ ^ ul alui. ," Appl. Phyo T. u U., vol. 78, no. 20, p p . 3073 75 , ^00 1) . 
m^O ^ QC. Kukli o t gl-, dc vc l nrmrnt ?f -^^-un n r rrnpnrtinn of niobium oxido, tantalum oxide, 
and aluminum ojcido baood nanolayorcd matorialo." J. Clootrochom. Gu t., vol. 118, no ?, pp 
r35 ril , 2001), Gd aQ,-aBd^ ^ (J. Kwo, ot al., "Pr opo itica of high h &ato diolcctrico G d,Q,-aad 
^Q i f o i Si," J. Appl. Phyo., vol. 89, no. 7, pp. 3920 27, 20 0 1) . 

The paragraph beginning at page 34, line 1 is amended as follows: 

According to the teachings of the present invention, several of the above implementations 
have been described in considerable detail in a co-pendingree-filed application by L. Forbes and 
J.M. Eldridge, entitled "FLASH MEMORY DEVICES WITH METAL OXIDE TNTERPOLY 
PIT EP JLOY INSULATORS," Ap plication Seri al No. 09/945.507 filed Aufflist 30, 2001 
attomoy docket number 1303.01 luol . hi some cases the characteristics of the resulting dielectric 
insulators are not yet well known or well defined. Part of this detail is recounted as follows. 

The paragraph beginning at page 34, line 7 is amended as follows: 

For example, single layers of TazOs, Ti02, Zr02, NbzOj and similar transition metal 
oxides can be formed by "low temperature oxidation" of numerous Transition Metal (e.g., TM 
oxides) films in molecular and plasma oxygen and also by rf sputtering in an oxygen plasma. 
The thennal oxidation kinetics of these metals have been studied for decades with numerous 
descriptions and references to be found in the book by Kubaschewski and Hopkins (see 
g e nerally, O. Kuba^chcwGld and B . E. Ilopkinc, "Oxida t ion of Motalc mid AUoyo", Duttonv orth. 
Luiiaoii,pp.53 61,1%?) In essence, such metals oxidize via logarithmic kinetics to reach 
thicknesses of a few to several tens of angstroms in the range of 100 to 300 degrees Celsius. 
Excellent oxide barriers for Josephson tumiel devices can be formed by rf sputter etching these 
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metals in an oxygen plasma (au o fionorally. J. M. Groinor. "Joaq j lii iUi i I m u iolmg bar rinr n hy r f 
. puttor otohing in a n uj cy&on plaomn." J. Appl. Phyc. V o l 12, No. 12, pp. 5151 5155, 1D71; O 
Miohikamiotal., "Method of fabrioation of Jooophoontunnoljunotiono," U.S. Pat. 1,112,902, 

]^ Iov. 1, 1933) . Such "low temperature oxidation" approaches differ considerably from MOCVD 
processes used to produce these TM oxides. MOCVD films require high temperature oxidation 
treatments to remove carbon impurities, improve oxide stoichiometry and produce 
recrystallization. Such high temperature treatments also cause unwanted interactions between 
the oxide and the underlying silicon and thus have necessitated the introduction of interfacial 
barrier layers. ( G oo, for oxamplo, II. P. Luan ot nl, "High quality T n ^ Q ^ gate diolootrioo with 
:10 .\ngotromo." lEDM Tooh. Digest, pp. Ill 111, 1999). 

The paragraph beginning at page 35, line 1 is amended as follows: 

A new approach was described in a copending application by J. M. Eldridge, entitled 
"Thin Dielectric Fihns for DRAM Storage Capacitors," patent application Serial No. 09/651,380 
filed Aug. 29, 2000 that utilizes "low temperature oxidation" to form duplex layers of TM 
oxides. Unlike MOCVD fihns, the oxides are very pure and stoichiometric as formed. They do 
require at least a brief high temperature (est. 700 to 800 degrees Celsius but may be lower) 
treatment to transform their microstructures from amorphous to crystalline and thus increase 
their dielectric constants to the desired values (> 20 or so). Unlike MOCVD oxides, this 
treatment can be carried out in an inert gas atmosphere, thus lessening the possibility of 
inadvertently oxidizing the poly-Si floating gate. While this earlier disclosure was directed at 
developing methods and procedures for producing high dielectric constant films for storage cells 
for DRAMs, the same teachings can be applied to producing thinner asymmetrical metal oxide 
tunnel fihns for the programmable array logic and memory devices described in this disclosure. 
The dielectric constants of these TM oxides are substantially greater (>25 to 30 or more) than 
those of PbO and AI2O3. Duplex layers of these high dielectric constant oxide fihns are easily 
fabricated with simple tools and also provide improvement in device yields and reliability. Each 
oxide layer will contain some level of defects but the probability that such defects will overlap is 
exceedingly small. Effects of such duplex layers were first reported by J. M. Eldridge, one of the 
present authors, and are well known to practitioners of the art. It is worth mentioning that highly 
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reproducible TM oxide tunnel barriers can be grown by rf sputtering in an oxygen ambient, as 
referenced above (soo gonorally, J. M. Groinor, "Jooophoon tunnolinfi baniora by rf spu tt e r 
e tching in an oxygon plasma," J. Appl. Phys., Vol. 12, >Jo. 12. pp. 5151 5155. 1P71; 0 
Michikami ot al., "Method of fabrication of JoDcphoontunnoljunctiona,"U.S. Pat. 1,112.002. 
Nov. 1, l!?g3)- Control over oxide thickness and other properties in these studies were all the 
more remarkable in view of the fact that the oxides were typically grown on thick (e.g., 5,000 A) 
metals such as Nb and Ta. In such metal-oxide systems, a range of layers and suboxides can also 
form, each having their own properties. In the present disclosure, control over the properties of 
the various TM oxides will be even better since very limited (perhaps 10 to 100 A or so) 
thicknesses of metal are employed and thereby preclude the formation of significant quantities of 
unwanted, less controllable sub-oxide films. Thermodynamic forces will drive the oxide 
compositions to their most stable, fully oxidized state, e.g., NbzOj, TazOs, etc. As noted above, 
it will still be necessary to crystallize these duplex oxide layers. Such treatments can be done by 
RTF and will be shorter than those used on MOCVD and sputter-deposited oxides since the 
stoichiometry and purity of the "low temperature oxides" need not be adjusted at high 
temperature. 

The paragraph beginning at page 37, line 25 is amended as follows: 

Asymmetrical oxide tunnel barriers having a wide range of properties can also be grown 
via oxidation of alloy films of appropriate compositions (sco generally, J. Robertson and C.W. 
Chen. "Schottl:y b ar rier h"!!:'^^'- nf tnntnlnm mcido. barium strontium titaiiatc, lead titannte, n nd 
aUontiumbiomuUi tantalato," Appl. Phys. Lett., vol. 7 1 , no. 8 , pp. 116? 1170, 22 Fob. lOOP) n nd 
ao roforonood in tho co ponding, co filod apphoation by L. Forbes and J.M. Eldridgo, entitled 
"FLASH MEMORY PVyr^ri^ ^^^ttw MFTAT, nXTDE TNTERPLOY IMSULATORS." 
attorney dookot number 1303.011usl. Thin film barriers of platinum, palladium and similar 
noble metals must be added to prevent inter-diffusion and degradation of the perovskite oxides 
with the poly-Si layers. Some processing remarks are stated below. 
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The paragraph beginning at page 38, line 8 is amended as follows: 

For example, results have been obtained which demonstrate that at least a limited range 
of high temperature, super-conducting oxide films can be made by thermally oxidizing Y-Ba-Cu 
alloy films (ace gonorally, Haoo ct al., "Method of manufacturinj^ mi uJi ido aupcrco nrlurtin c 
film," U.S. rat. 5 , 35 0 J^K. <^t^ ^^^^^ The present inventors have also disclosed how to 
employ "low temperature oxidation" and short thermal treatments in an inert ambient at 700 
degrees Celsius in order to form a range of perovskite oxide films fi-om parent alloy films (see 
g u iually, J. Jil ri d ri i cr. ^ ■* T>.-n mm.n fnr P . nriucing High OuaU ly r c rovoldte D iMnrtrir 

ninia," application Gorial No. =3^ The dielectric constants of crystallized, perovskite 

oxides can be very large, with values in the 100 to 1000 or more range. The basic process is 
more complicated than that needed to oxidize layered films of transition metals. (See Example 
XL) The TM layers would typically be pure metals although they could be alloyed. The TMs are 
similar metallurgically as are their oxides. In contrast, the parent alloy films that can be 
converted to a perovskite oxide are typically comprised of metals having widely different 
chemical reactivities with oxygen and other common gasses. hi the Y-Ba-Cu system referenced 
above, Y and Ba are among the most reactive of metals while the reactivity of Cu approaches 
(albeit distantly) those of other noble metals. If the alloy is to be completely oxidized, then thin 
film barriers such as Pd, Pt, etc. or their conductive oxides must be added between the Si and the 
parent metal film to serve as: electrical contact layers; diffiision barriers; and, oxidation stops. 
In such a case, the Schottky barrier heights of various TM oxides and perovskite oxides in 
contact with various metals will help in the design of the tunnel device. In the more likely event 
that the perovskite parent alloy fihn will be only partially converted to oxide and then covered 
with a second layer of the parent alloy (recall the structure of Figure 2), then the barrier heights 
will represent that developed during oxide growth at the parent perovskite alloy/perovskite oxide 
interface. Obviously, such bairier heights cannot be predicted ab initio for such a wide class of 
materials but will have to be developed as the need arises. This information will have to be 
developed on a system-by-system basis. 
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PRELIMINARY AMENDMENT D^^. i303.035USl 

Serial Number: 10/028001 

The paragraph beginning at page 42, line 1 is amended as follows: 

Figure H [[14]] illustrates a block diagram of an embodiment of an electronic system 
1101 UQ^ according to the teachings of the present invention, hi the embodiment shown in 
Figure n [[14]], the system UOi 440+ includes a memory device 1100 WO^which has an array 
of memory cells 1102 4402, address decoder 1104 -1404, row access circuitry 1106 4406, column 
access circuitry 1108 4408, control circuitry mO 4440, and input/output circuit 1112 4443. 
Also, as shown in Figure U [[14]], the circuit UOI 4404 includes a processor 1114 4444, or 
memory controller for memory accessing. The memory device 1100 4400 receives control 
signals from the processor 1114 4444, such as WE*, RAS* and CAS* signals over wiring or 
metallization lines. The memory device UOO 1400 is used to store data which is accessed via 
I/O lines. It will be appreciated by those skilled in the art that additional circuitry and control 
signals can be provided, and that the memory device UOO 4400 has been simpUfied to help focus 
on the invention. At least one of the processor UH 4444 or memory device UOO 4400 has a 
memory cell formed according to the embodiments of the present invention. That is, at least one 
of the processor UM 4444 or memory device HOO 4400 includes an asymmetrical low tunnel 
barrier interpoly insulator according to the teachings of the present invention. 

The paragraph beginning at page 42, line 18 is amended as follows: 

It will be understood that the embodiment shown in Figure U [[14]] illustrates an 
embodiment for electronic system circuitry in which the novel memory cells of the present 
invention are used. The illustration of system UOI 4404, as shown in Figure U [[14]], is 
intended to provide a general understanding of one appUcation for the structure and circuitry of 
the present invention, and is not intended to serve as a complete description of all the elements 
and features of an electronic system using the novel memory cell structures. Further, the 
invention is equally appUcable to any size and type of memory device UOO 4400 using the novel 
memory cells of the present invention and is not intended to be limited to that described above. 
As one of ordinary skill in the art will understand, such an electronic system can be fabricated in 
single-package processing units, or even on a single semiconductor chip, in order to reduce the 
communication time between the processor and the memory device. 
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PRELIMINARY AMENDMENT 

Serial Number: 10/177213 

Ti'ttef WRTO ONCE^READ ONLY MEMORY WITH LARGE WORK FUNCTION F LOATING GATES . 

REMARKS 

The Applicant respectfully requests that the amendment described herein be entered into 
the record prior to examination and consideration of the above-identified application. The 
Examiner is invited to contact Applicant's Representatives at the below-listed telephone number 
if there are any questions regarding this amendment or if prosecution of this application may be 
assisted thereby. 



Respectfully submitted. 



LEONARD FORBES ET AL. 



By their Representatives, 

SCHWEGMAN, LUNDBERG, WOESSNER & KLUTH, P.A. 
P.O. Box 2938 
Minneapolis, MN 55402 
(612) 373-6960 

Ma/vin L. Beekman 
Reg. No. 38,377 
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